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I. INTRODUCTION
The control system designers pay a considerable attention to the problem of the robust controller design for unmanned aerial vehicles (UAVs). The modern generation of UAV provides multifunction civil and military applications. The flight envelope for modern UAV as well as piloted aircraft is widening essentially. It leads to significant changing of linearized mathematical models of aircraft. The changing of model parameters could be so extensive that even the classical robust control can't solve this compensation problem. In this case gain scheduling (GS) control becomes very powerful instrument for increasing of flight control system robustness.
Flight control system for a small UAV is restricted by low weight, size, price and power consumption. The structure of such controllers must be simple and easy to implement. The static output feedback (SOF) design in terms of linear matrix inequalities (LMIs) [1] , [3] , [5] - [7] , [10] requires only available signals from the plant to be controlled. Also the controller design doesn't need to solve differential equations, that is important for a decreasing of power consumption and computational cost [10] .
In view of the aforementioned, the gainscheduled static output feedback controller design in terms of linear matrix inequalities is considered in the article. The model of UAV used in this research is Aerosonde which is supported by Aerosim Matlab Toolbox.
II. ANALYSIS OF RECENT RESEARCH AND PUBLICATIONS
The gain scheduling control problem has been widely developed both from theoretical and practical viewpoints, see, for example, [4] , [9] . An effective approach to solve the nonlinear control problem is using gain scheduling with linear parameter-varying (LPV) controller. For example, the parameters of the mathematical model of an aircraft depend on the altitude and speed (Mach number), which determine the dynamic pressure (DP):
, where ρ is density of air, kg/m 3 , v is air speed, m/s. The main advantage of DP, that this parameter is related with both flight altitude and speed values. As far as all entries of the stability and control matrices A,B could be considered as functions of q : A( ), q B( ) q [2] , then for these matrices it is possible to find parameters of the controller from the point of view of robust stability and robust performance for each numerical value of . q
III. PROBLEM STATEMENT
Let us consider a LPV system in form
where x  R n is the state vector; u  R m is the control input vector; y  R p is the output vector; R r v is exogenous disturbance vector; A, B, C and D are the state matrices that depend on parameter DP; B  is the matrix external disturbance. The goal of the research is to design a family of local LMIcontrollers. The algorithm of SOF controller design in terms of LMIs was proposed in [5] - [7] .
The control law is given by
where K is a constant output feedback gain matrix. The exogenous disturbances v are restricted by
2 L -norm assures disturbance attenuation with a predefined level, ν.
K matrix minimizes a performance index:
where Q 0,  R 0  are diagonal matrices, weighting each state and control variables, respectively. Output signal z(t) used for performance evaluation is defined as follows:
The system 2 L gain is said to be bounded or attenuated by  if [3] , [5] , [6] , [10] :
Therefore, it is necessary to find constant output feedback gain matrix K that stabilizes the control plant such that the infinity norm of the transfer function referring exogenous input to performance output z(t) approaches minimum. The minimum L 2 -gain (3) is denoted by  *.
The output feedback gain matrix K(2) could be found by solving the following LMI [5] , [6] 
where i =1, ..., N in (4) denotes the set of models associated with scheduled operating conditions within the flight envelope. The matrices K are:
It is desired to find a family of static outputfeedback control gain matrices K such that the system is stable and the L 2 gain is bounded by a prescribed value γ.
III. GAIN SCHEDULING CONTROLLER A gain scheduling control system design takes following steps:
1. Choose the operating points or region in the scheduling space, which is defined by flight envelope of UAV. Obtain a plant model for each operating region by linearizing the plant's model in the several equilibrium operating points.
2. Design a family of local LMI-controllers for the obtained plant models.
3. Implement a scheduling mechanism. 4. Assess the GS closed loop stability and performance.
The block-scheme of a GS-feedback loop is shown on Fig. 1 . The vector of adjustable parameters of the autopilot K has the following components:
where v K is speed gain;  K is angle of attack gain; q K and  K are pitch rate, pitch angle gains respectively; h K is altitude gain. The objective of linearization scheduling is that the equilibrium family of the controller (5) matches the equilibrium family of the plant (1), such that:
-the closed-loop system still can be tuned appropriately with respect to performance and robustness demands; -the linearization family of the controller equals the designed family of linear controllers.
It was considered the interpolation of the SOF control signals generated by linear interpolation [11] .
The model of the atmospheric conditions is a Dryden filter defined by the following transfer functions [8] :
1. Longitudinal transfer function
The variable b represents the aircraft wingspan. The variables L u , L v , L w represent the turbulence scale lengths. The variables σ u , σ v , σ w represent the turbulence intensities.
The performance and robustness indices are possible to estimate after a family of gain-scheduled static output controllers is obtained using proposed approach. Thus, performance is estimated by 2 Hnorm of system function with respect to disturbance, whereas the robustness is estimated by H  -norm of the complementary sensitivity function [12] .
1. H 2 -norms of system sensitivity function in deterministic case:
where n W is a controllability gramian and n C is a weighting matrix in deterministic. 
where σ is the singular value of complementary sensitivity matrix;  is the maximum singular value on the current frequency.
IV. CASE STUDY
The block-diagram of the closed-loop system for control of longitudinal motion is depicted on Fig. 2 As seen from the description of space matrices coefficients, the aircraft flight dynamic depends on DP value. The LPV controller model is a finite set of linear controller models obtained for the operating grid of DP values. The set of linear controllers are shown in Table I . Linear interpolation on a set of data points (
is defined as the concatenation of linear interpolants between each pair of data points. To demonstrate the altitude hold was chosen the following flight conditions (Fig. 3) . . . After developing and analyzing the behavior of the system at the first step, at the second step, the closed-loop system was simulated via Simulink ® .
The simulation results are shown in Fig. 3 .
From the shown above graphs it is evident that results are quite satisfying. Deflections of UAV angular characteristics are possible from the practical point of view. The altitude is held at the reference signal href = 50 m with acceptable deflections. These figures along with numerical results, represented in Tables II, III show that  desired robustness-performance trade-off is achieved. It can be seen that the handling quality of the nominal and the perturbed models are satisfied. Motivated by an UAV with a wide flight envelope has large parametric variations in the presence of uncertainties, the paper presents a procedure of robust GS controller design. The flight control system consists of a SOF baseline controller which can be obtained conveniently by solving LMI with reduced computational complexity. The flight envelope of the UAV refers to the capabilities of operating ranges in terms of speed and altitude. The dynamic pressure as function of altitude and speed was proposed as simple gain scheduled tool for controller design. The efficiency of the proposed approach is illustrated by a case study.
The main advantages of gain scheduled static controller application are their simplicity and assurance of high performance and robustness properties of the closed loop system which is held during the operation mode.
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